Five grass species (Dactylis glomerata L., Phleum pratense L., Lolium perenne L., Festuca arundinacea L. and the hybrid Felina (Lolium multiflorum L. × Festuca arundinacea L.)), commonly used in roughages for ruminants, were harvested at different maturities of primary growth (n = 60) and evaluated for contents of dry matter (DM), crude protein (CP), ash, crude fat, neutral detergent fibre (NDF), acid detergent fibre (ADF), acid detergent lignin (ADL), indigestible neutral detergent fibre (INDF) and digestible neutral detergent fibre (DNDF). INDF and DNDF contents were determined by in sacco rumen degradation of grasses for 12 days in non-lactating cows. ADL content was found to be highly correlated (P < 0.05) with DNDF (r = -0.87) and presented a reliable (R 2 = 0.78; residual mean square error of 17.65 g/kg DM; P < 0.0001) parameter to predict INDF contents. Over a six-week period of maturation INDF contents increased (P < 0.0001) in all studied grasses. It was confirmed by this study that the INDF contents of grasses, which markedly increased during maturation, could be effectively predicted from ADL contents.
Grasses, one of the most important sources of roughage used in ruminant nutrition, contain substantial amounts of cell wall carbohydrates. Cell wall carbohydrates can be quantified by determination of neutral detergent fibre (NDF), which includes cellulose, hemicellulose and lignin as the major components (Van Soest et al., 1991) . Due to the variability of NDF in rumen degradation and its influence on animal performance, the knowledge of NDF digestibility in forage is critical for effective ruminant feeding (Oba and Allen, 1999) .
The in sacco nylon bag technique, often applied to determine rumen degradation of protein (Tománková and Kopečný, 1995; Homolka, 2000) , organic matter (Van Vuuren et al., 1991) or starch (Herrera-Saldana et al., 1990; Tománková and Homolka, 2004) , is the most common method used to estimate NDF digestion (Huhtanen et al., 2006a) . The content of indigestible NDF (INDF), which needs long in sacco incubation periods (Fonseca et al., 1998) , presents an important indicator of the quality of grass cell wall carbohydrates and can be a good predictor of in vivo digestibility of roughages (Nousiainen et al., 2003) . Forage digestibility in ruminants is constrained by the extent of cell wall (NDF) digestion (Van Soest, 1994) . INDF is the most important factor affecting the total diet organic matter digestibility (Nousiainen et al., 2004) . A part of the forage cell wall, i.e. INDF, is unavailable to microbial digestion in ruminants, even if the total tract residence time of fibre could be extended to an infinite time (Huhtanen et al., 2006b) . INDF represents the actually indigestible part of NDF.
Methods for INDF determination are time consuming and expensive. Prediction equations, based on basic parameters of chemical analysis, are cheaper and faster for institutions without availability of experimental animals.
The influence of maturity at harvest on the chemical composition and digestibility of grasses is more pronounced than other management factors such as particle size, dry matter (DM) at harvest or harvesting system (Harrison et al., 2003) . Incomplete degradation of cell walls is a major factor limiting the value of forages and straws for animals (Ahmad and Wilman, 2001 ). Grenet and Besle (1991) and Nagadi et al. (2000) postulated that the cell wall carbohydrates are little degraded in the rumen due to a high extent of lignification. Lignin is generally accepted as the primary component responsible for limiting the digestion of forages (Van Soest, 1994; Traxler et al., 1998; Agbagla-Dohnani et al., 2001) .
The aim of the present study was to determine the content of indigestible neutral detergent fibre (INDF) in grasses by an in sacco nylon bag technique, to compare the effect of consecutive harvest dates on INDF content in grasses, and to predict INDF content from chemical composition. 
MATERIAL AND METHODS

Samples
Chemical analysis
Samples were analyzed for contents of DM, crude protein (CP), ash, crude fat, NDF, acid detergent fibre (ADF) and acid detergent lignin (ADL). DM was determined after drying at 105°C, and ash after combustion at 550°C (Regulation No. 497/2004 . Crude fat was extracted for 6 h with petroleum ether, whereas the Kjeldahl method (Rinne et al., 1997a) .
In sacco analysis
Digestible neutral detergent fibre (DNDF) and INDF contents were determined after a 288-h rumen incubation period (Rinne et al., 1997b; Nousiainen et al., 2004) of grass samples in nylon bags with two non-lactating cows fitted with rumen cannulas. Animals had ad libitum access to meadow hay and were fed 1 kg of barley meal per day. The small pore size of 17 µm was used for nylon bags (Swiss Silk Bolting Cloth Ltd., Zurich, Switzerland; external dimensions 60 × 120 mm) to minimize particle inflow and outflow, but still ensuring sufficient microbial activities inside the bags (Huhtanen et al., 1998; Nousiainen et al., 2003) . Each sample was weighed in an amount of 3 g into nylon bags and incubated in 3 repetitions in each cow. After incubation the bags were rinsed by hand with cold water for 30 min and dried at 50°C for 48 h.
Statistical analysis
Simple linear correlation coefficients were calculated to evaluate the linear relationships between analysed components. Linear, multiple, and stepwise multiple regression analyses were used to develop prediction equations for INDF content using nutrient concentrations in grasses. These statistics were calculated using Statistica 6 (2001).
The MIXED procedure of SAS (SAS, 2002 (SAS, -2003 was used for comparison of differences between INDF contents as influenced by harvest dates and grasses. The effects of year and grass were considered as fixed effects and harvest date was nested in each level of the factor grass as a covariate. Because of heterogeneity of the variance the different variances for harvest dates were taken into account in the variance-covariance structure of the model. The estimates of the parameters for a change in INDF contents at consecutive harvest dates were compared by pairwise comparison with the Bonferroni correction to control the overall type I error rate (Rasch et al., 1994; Rasch et al., 1999) .
RESULTS AND DISCUSSION
The chemical composition and NDF digestibility parameters of studied grasses are presented in Table 3 . INDF and DNDF were highly correlated with ADL (P < 0.05) and less with ADF and NDF (P < 0.05). Similar correlation coefficients like those found in the present study were reported by Traxler et al. (1998) between INDF and ADL (r = 0.81), ADF (r = 0.71) and NDF (r = 0.62) contents for a group of forages (C 3 grasses, C 4 grasses and legumes). Koukolová et al. (2004) calculated a correlation coefficient of -0.82 between DNDF and ADL contents for a set of samples including fresh grasses and grass silages. In silage made of legumes Rinne et al. (2006) reported that INDF was highly related (r = 0.85) to lignin content as well. In the present study (Table 3) CP was highly correlated (P < 0.05) with ADF, NDF with cellulose, ADF with cellulose and ADL with ADF. Nousiainen et al. (2003) and Huhtanen et al. (2006b) found ADL as the best single predictor of in vivo organic matter digestibility for grass silages (R 2 = 0.62) and for a set of forage samples (grasses, legumes and whole crops) (R 2 = 0.43), respectively.
Increasing INDF contents were observed in all grass species as the harvest time progressed (Figure 1). This indicates an increase in cell wall fractions with harvest dates that was also found by Coblentz et al. (1998) and Cone et al. (1999) . The highest accumulation of INDF was detected for Dactylis glomerata and the lowest for Lolium perenne, being however statistically significant (P < 0.0001) in all grasses (Table 5) . Pozdíšek et al. (2003) reported higher digestibility of NDF for Festuca arundinacea compared to the Hykor hybrid. In the present study ADL increased from 15 to 38, 16 to 32, 14 to 26, 19 to 29 and 10 to 31 g/kg DM with harvest dates for Dactylis glomerata, Phleum pratense, Lolium perenne, Festuca arundinacea and Felina hybrid, respectively. According to Beck et al. (2007) NDF contents of grasses increased from 587 to 722 g per g DM, ADF contents from 334 to 433 g/kg DM within one month. The maturity of grass caused decreased degradability and digestibility, both in magnitude and rate (Cone et al., 1999; Dawson et al., 2002) . For example Rinne et al. (2002) Hoffman et al. (1993) and Rinne and Nykänen (2000) found a similar decrease in CP content during the maturation of grasses. Differences between grass species in changes in INDF content at harvest dates are shown in Table 6 . There were no differences between Phleum pratense and Festuca arundinacea and between Festuca arundinacea and Felina hybrid. Other differences between grasses were statistically significant (P < 0.05). Harrison et al. (2003) also described significant differences in NDF digestibility between perennial ryegrass cultivars.
CONCLUSION
It was confirmed by this study that the INDF contents of grasses could be effectively predicted from ADL contents. INDF contents markedly increased during the maturation of grasses, which has practical implications for the time of harvest.
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